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Received May 29, 2014; accepted May 24, 2016AbstractBackground: Ductal carcinoma in situ (DCIS) is a malignant proliferation of ductal epithelium confined by the basement membrane of the
involved breast ducts. The aim of this study was to categorize positive findings of DCIS of the breast on sonography.
Methods: From 2007 to 2011, 100 pathologically proven DCIS lesions were evaluated. Four sonographic patterns used to identify DCIS have
been characterized as cumulus-type, coral-type, pipe-type, and miscellaneous lesions.
Results: The lesion numbers of nonhigh-grade and high-grade DCIS were 44 and 56, respectively. The coral type (42%) was the most commonly
found lesion, followed by cumulus-type (38%), pipe-type (17%), and miscellaneous (3%) lesions. There was no significant difference between
the sonographic pattern and nuclear grades. However, the coral-type group was composed of significantly more high-grade DCIS cases than the
other three types ( p < 0.05).
Conclusion: Coral-, cumulus-, and pipe-type lesions are three easily recognizable sonographic findings of DCIS. Improving the breast ultrasound
technique to better demonstrate the sonographic pattern is necessary to facilitate breast lesion interpretation.
Copyright © 2016, the Chinese Medical Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Ductal carcinoma in situ (DCIS) is a malignant prolifera-
tion of ductal epithelium confined by the basement membrane
of the involved breast ducts. It represents a broad biological
spectrum of disease and has become increasingly important
not only because of the dramatic rise in detection rates, but
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license (http://creativecommons.org/licenses/by-nc-nd/4.0/).importance and optimal treatment.1,2 DCIS now accounts for
as much as 30% of breast cancers in the general screening
population and approximately 5% of breast carcinomas in
symptomatic women.3e6 The mammographic features of
DCIS have been well-described in the literature, with micro-
calcifications being the dominant feature.4,5,7,8 Other findings
such as mass, nodular abnormality, architectural distortion,
dilated retroareolar duct, and developing density have also
been reported.7,9 Although most cases of DCIS are diagnosed
based on mammography findings, 6e23% of DCIS lesions are
not visible on mammographic imaging.5,6,9
Breast ultrasound is an adjunctive imaging modality for
detection of breast cancer with a sensitivity of up to 89%, and
used as a supplemental tool to physical breast examination.10
The sonographic findings of DCIS from recent studies includesevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
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toids.11e17 The most common sonographic findings of DCIS
include a microlobulated mass with mild hypoechogenicity,
ductal extension, and normal acoustic transmission or a cystic or
solid mass with circumscribed margin, followed by hypoechoic
mass with indistinct margin or intraductal lesion.11,14 Based on
the mass itself, Izumori et al11 stated that it is difficult to
differentiate DCIS from benign lesion. Current studies also
suggest that low- and high-grade DCIS follow different genetic
routes,18,19 and the predominant nuclear grade is the best pre-
dictor of local recurrence.20 The sonographic features of
irregular-shaped mass with indistinct or angular margins and no
posterior acoustic shadowing or enhancement were reported to
be associated with a high-grade lesion,13 whereas Park et al21
reported that no significant difference was seen in the sono-
graphic features of masses between high-grade and nonhigh-
grade DCIS except that microcalcifications were more com-
mon in high-grade lesions (43.2% vs. 3.1%).
The purpose of this study was to retrospectively (1) cate-
gorize the sonographic features of 100 DCIS lesions, and (2)
to evaluate the possibility of differentiating between high-
grade and nonhigh-grade DCIS lesions by ultrasound.
2. Methods2.1. PatientsFrom November 2007 to December 2011, 96 women with
pathologically proven DCIS lesions (n ¼ 100) were enrolled in
this study. These patients had received preoperative
mammography and sonography, and breast ultrasound was
performed for the following reasons: (1) as a supplemental
examination of suspicious lesions on screening mammog-
raphy, (2) as a preoperative survey to identify whether the
lesion is multifocal or contralateral, or (3) as a diagnostic
study for symptomatic patients. The sonographic images and
relevant clinical data were reviewed and analyzed with
consensus by three radiologists with 6 years, 10 years, and
25 years of experience, respectively, in interpreting breast
images. Of the 96 patients, four had DCIS in bilateral breasts.
Microinvasion, defined as the extension of cancer cells beyond
the basement membrane into the adjacent tissues with no focus
more than 0.1 cm in diameter,22 was included in this study as
in previous series.13,14,23 Patients initially diagnosed as a case
of DCIS by needle biopsy but which ultimately turned out to
be invasive carcinoma in gross specimen examination were
excluded. The time interval between the breast ultrasound
examination and biopsy, lumpectomy, or mastectomy was less
than 6 months. We retrospectively reviewed these images to
document the spectrum of sonographic features of DCIS le-
sions and to further correlate these features with histopatho-
logic nuclear grading. The nuclear grade was divided into high
grade and nonhigh grade, and the latter included intermediate
grade and low grade. This retrospective review was approved
by the Institutional Review Board of our institute, and the
requirement for individual patient's informed consent was
waived.2.2. Breast sonographyWhole-breast sonography was performed using a high-
resolution 10-MHz linear array transducer on a LOGIQ 9
US unit (General Electric Medical Systems, Milwaukee, WI,
USA) or a SuperSonic Aixplorer US unit (SuperSonic Im-
aging, Aix-en-Provence, France) with the ipsilateral arm
raised above the patient's head. A systematic evaluation of
the whole breast using radial and antiradial scanning tech-
niques in a clockwise fashion in the plane of the ductal
system was routinely performed.18 In patients with DCIS,
radial ultrasound is particularly useful in depicting intra-
ductal masses and evaluating the ductal extent of the dis-
ease, whereas antiradial ultrasound is more helpful for
evaluating the surface characteristics of the mass. Before the
sonographic examinations, the radiologists were aware of
the patients' mammographic results. Sonograms were
reviewed for masses, architectural distortion, ductal exten-
sion and dilatation, and microcalcifications. For mass le-
sions, the size, nature (solid or cystic), shape, margin,
echogenicity, and posterior acoustic phenomena were
recorded. The positive sonographic features were catego-
rized into four patterns (Fig. 1): (1) coral type, which is an
intraductal soft-tissue mass growing along the ducts just like
a branching stony coral on the radial images (Fig. 2);
(2) cumulus type, which has fuzzy and uneven margins like
cumulus clouds on the antiradial views (Fig. 3); (3) pipe
type, which is a mass located upstream with its prominent
preexisting supporting lactiferous duct toward the nip-
pledthe hollow cylinder plus upstream mass appear just
like a pipe on scanning images (Fig. 4); (4) miscellaneous
type, which are lesions not fitting with any of the afore-
mentioned types (Fig. 5).2.3. Statistical analysisAll sonographic features and specific patterns were
compared with the histopathologic findings. To determine
whether there was any difference in the sonographic features,
specific sonographic patterns, and histopathologic nuclear
grades of DCIS, Chi-square test was performed using a sta-
tistical software system (SPSS for Windows version 12.0;
SPSS Inc., Chicago, IL, USA). Findings with p < 0.05 were
considered statistically significant.
3. Results
The mean age of the 96 patients (100 DCIS lesions) was
48 years (range 32e68 years). There were 44 lesions of
nonhigh grade (including 18 lesions of low grade and 26 le-
sions of intermediate grade) and 56 lesions of high grade,
which included 11 lesions associated with microinvasion.
The correlation between sonographic features and histo-
pathologic findings of the 100 sonographically visible DCIS
lesions is presented in Table 1. The most common sonographic
feature of DCIS was solid type (n ¼ 96, 96%), followed by
hypoechogenicity (n ¼ 86, 86%), and normal posterior
Fig. 1. Simple cartoon figures of three easily recognizable sonographic patterns of ductal carcinoma in situ. (A) Coral type is characterized by angular or irregular
shape with ductal extension and dilatation. (B) Cumulus type is usually nonspecific with ovoid or lobular shape. (C) Pipe type is characterized by a hypoechoic
nodular lesion with a dilated lactiferous duct leading to the retroareolar region.
Fig. 2. Coral type: a lesion that presents as a wind duct dilatation with inhomogeneous hypoechoic tumor growth along the preexisting framework of breast ducts.
The appearance is just like a branching stony coral. (A) Intermediate-grade ductal carcinoma in situ (DCIS) presented as an irregular-shaped, branching, finger-like
lesion; (B) high-grade DCIS with microinvasion presented as an irregular-shaped inhomogeneous lesion with angular margin, branching, dilated and extended
ducts; (C) high-grade DCIS manifested as a dilated lactiferous duct with multiple intraductal microcalcifications; and (D) color Doppler ultrasound of a high-grade
DCIS lesion well revealed hypervascularity in the tumor.
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sonographic manifestation of DCIS in the study was a hypo-
echoic solid lesion with irregular shape, indistinct or angular
margin, and normal acoustic transmission; particularly, more
than half of the cases showed microcalcifications (n ¼ 63,
63%). Microcalcifications were characteristically detected
within a mass or duct because they were usually not visible
without a hypoechoic background. Most lesions demonstrated
normal acoustic transmission (n ¼ 80, 80%) except five cases
with posterior enhancement and 15 cases with posterior
attenuation. Radial scanning sonograms demonstrated associ-
ated ductal change and tumor extending courses, including
ductal dilatation with or without extension to the retroareolar
area in 59 (59%) of DCIS cases. Most of the sonographic
features did not show a significant correlation between
different nuclear grades with the only exception that intrale-
sional vascularity was significantly more frequently present in
high-grade lesions. However, Doppler color images were only
recorded in 36 (36%) cases, and therefore, the significance
interpretation was limited.
With regard to the sonographic patterns, the most common
pattern was the coral type (42%), followed by the cumulus(38%) and pipe (17%) types. In the other three cases classified
as the miscellaneous type (3%), two were complex cystic le-
sions with circumscribed border and irregular mural nodules,
and the last one contained mixed cystic and solid components.
The correlation of different sonographic patterns, nuclear
grading, and the presence of microcalcifications or internal
color flow is provided in Table 2. There was no statistically
significant difference between the sonographic patterns and
the histological nuclear grading. Microcalcifications and in-
ternal vascularity were significantly more frequently detected
in coral-type lesions than other types ( p < 0.05). The majority
of DCIS in our series presented with normal posterior acoustic
transmission, except for five cases manifesting posterior
enhancement, including two low-grade lesions, one
intermediate-grade lesion, and two high-grade lesions; another
15 cases manifested posterior acoustic attenuation, of which
two cases were intermediate grade and 13 cases were high-
grade lesions. According to sonographic patterns, in the five
cases with posterior enhancement, three presented as cumulus-
type lesions and two presented as cystic lesions; in the 15
cases with posterior shadowing, eight were coral type, four
were pipe type, and three were cumulus type; 11 cases were
Fig. 3. Cumulus type: inhomogeneous hypoechoic lesion with oval or irregular shape and with indistinct or microlobulated margin. Most lesions demonstrate
normal posterior acoustic transmission. The appearance is just like a cumulus cloud. (A) A high-grade ductal carcinoma in situ (DCIS) with comedo manifested as
an irregular solid mass with microlobulated border and posterior acoustic enhancement; (B) intermediate-grade DCIS demonstrated as a lobular-shaped solid mass;
(C) low-grade DCIS lesion presented as an ovoid mass with largely circumscribed border and internal microcalcifications; and (D) intermediate-grade DCIS
showed irregular-shaped, indistinct margin and some intratumoral microcalcifications on ultrasound.
Fig. 4. Pipe type: an inhomogeneous hypoechoic lesion located upstream of a dilated lactiferous duct leading to the nipple. The appearance is just like a pipe. (A)
Breast sonogram of a high-grade ductal carcinoma in situ (DCIS) in the radial axis demonstrated an irregular-shaped hypoechoic lesion (T) connected to the nipple
(N) by a dilated lactiferous duct (white arrows) and (B) a low-grade DCIS lesion of the pipe type showed a hypoechoic tumor (T) with a characteristic dilated
lactiferous duct (white arrows) extending to the nipple (N).
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clear grade, with seven cases manifesting coral-type and four
cases manifesting cumulus-type lesions.Pipe-type DCIS lesions tended to be located closer to the
areolar area compared with the other two types. The per-
centage of lesions located less than 3 cm away from the nipple
Fig. 5. Miscellaneous type: lesions with sonographic features not fitting the other three patterns. (A) A low-grade ductal carcinoma in situ (DCIS) lesion presented
as an ovoid cystic lesion with small mural polypoid nodules and posterior acoustic enhancement and (B) a high-grade DCIS lesion contained cystic component and
conspicuous solid tumor, which demonstrated internal hypervascularity on color Doppler ultrasound.
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88.2%, respectively.
4. Discussion
DCIS has been encountered more frequently because of the
widespread use of mammography screening in asymptomatic
women. Mammography is also the most important imaging
technique for the detection of DCIS, assessment of disease
extent, and the facilitation of image-guided biopsies.13 The
mammographic appearances of DCIS have been well-
described in the literature, with microcalcifications (either
clustered or segmented) being the dominant feature.4,5,7,8
However, it is difficult to detect DCIS without micro-
calcification using mammography, especially in dense breasts,
and approximately 6e23% of DCIS lesions remain unde-
tected.5,6,9 Approximately 60% of women with DCIS will
progress to invasive ductal carcinoma (IDC) over an 8e10-year
period, and poor prognostic outcomes are likely when IDC
develops.24 Traditionally, ultrasound was regarded as less
useful in detecting DCIS. However, with the advances in ul-
trasound resolution and competent microcalcification detec-
tion, it is now regarded as an adjunctive tool to increase the
sensitivity and specificity of mammography in breast diag-
nosis, particularly in dense breast and breast lesion without
calcifications.12,13,17,25e28
Because DCIS is a broad-spectrum disease with a wide
variety of clinical features from asymptomatic, palpable mass,
and nipple discharge to Paget's disease,14 it also presents as
heterogeneous manifestations on ultrasound. In the literature, a
microlobulated mass with mild hypoechogenicity, ductal
extension, and normal acoustic transmission was the most
common ultrasound finding in DCIS.13,14,18 Yang and Tse13
described the following sonographic findings of DCIS in
symptomatic women: mass (72%), ductal change (23%), and
architectural distortion (7%). In addition, an ultrasound-
visible, irregularly shaped mass with indistinct or angular
margin, and no posterior acoustic transmission was associated
with a high Van Nuys classification.13 Vieira et al23 furtheranalyzed Yang and Tse's cases in conjunction with their own
study, and concluded that a mass with or without calcifications
was more frequently encountered in microinvasive DCIS
rather than in pure DCIS, where calcification only was the
more common finding.5,6,9 By contrast, Shin et al12 found that
although sonographically visualized mass and associated
ductal change were more common in symptomatic patients,
associated microcalcifications and posterior shadowing were
more frequently encountered in screen-detected DCIS, and
there were no significant differences in pathologic features of
the two groups. Our results agree with those of Shin et al12 that
suggest there was no significant difference between the
sonographic features and nuclear grading. We regard the
discrepancy originating from the description of sonographic
features. Because DCIS is in fact a tumor growth along the
preexisting framework of breast ducts, instead of conspicuous
breaking of the basement membrane, we prefer the morpho-
logical description of different “patterns” rather than “mass or
nonmass” lesions. Therefore, we summarized these variable
feature depictions into three easily recognizable patterns.
Among the variable descriptions of sonographic features of
DCIS, we proposed three easily recognizable patterns of
frequently encountered sonographic findings of DCIS. The
coral type depicts a solid mass with isoechogenicity or
hypoechogenicity, irregular shape, angular or spiculated
margin, often associated with ductal extension or architectural
distortion. The cumulus type depicts a lobular solid mass with
circumscribed, microlobulated, or indistinct margin, which
sometimes manifests heterogeneous echogenicity due to
multiple intrinsic interfaces, and the complex echotexture has
also been described as a “pseudomicrocystic” appearance by
some authors.25,29,30 The pipe type consists of a solid ovoid
mass with indistinct, microlobulated, angular, or spiculated
margin and a connecting dilated duct leading to the retro-
areolar region. The coral-type pattern tends to be a more
conspicuous lesion and usually needs tissue proof. In our
result, coral-type lesions displayed significantly more internal
vascularity, which was associated with high nuclear-grade
DCIS ( p < 0.05). In addition, microcalcifications were also
Table 1
Correlation between sonographic and histopathologic findings of 100 cases of
ductal carcinoma in situ.
Imaging findings Histopathologic findings
Nonhigh grade High grade p
Total 44 56
Mass nature 0.395
Solid 41 55
Cystic 2 1
Solid and cystic 1 0
Shape 0.333
Ovoid 8 5
Lobular 8 8
Irregular 28 41
Margin 0.809
Circumscribed 3 3
Microlobulated 6 5
Indistinct 10 17
Angular 19 21
Spiculated 6 10
Echogenicity 0.452
Hypoechoic 40 46
Isoechoic 0 1
Heterogeneous 4 9
Posterior phenomena 0.091
Nil 38 42
Enhanced 3 2
Shadowing 3 12
Architectural distortion 15 11 0.288
Ductal changes 0.648
None 20 21
Dilatation 10 17
Extension 0 0
Dilatation and extension 14 18
Microcalcifications 0.088
None 21 16
Mass 12 27
Ductal 5 3
Mass and ductal 6 10
Color flow 0.006
Present 15 11
Absent 9 3
Not performed 20 42
Sonographic pattern 0.182
Cumulus 21 17
Coral 14 28
Pipe 7 10
Miscellaneous 2 1
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was no significant correlation between the presence of
microcalcifications and high-grade lesion in our study, otherTable 2
Correlation of sonographic patterns and histopathological nuclear grading and
presence of microcalcifications.
Sonographic patterns Coral type Cumulus
type
Pipe type Miscellaneous p
Nonhigh grade/high
grade (%/%)
14/28
(33/67)
21/17
(55/45)
7/10
(41/59)
2/1
(67/33)
0.182
Microcalcifications
(%)
33 (79) 18 (48) 8 (47) 0 (0) 0.001
Color flow (%) 14/15 (93) 9/17 (53) 3/5 (60) 0/1 (0) 0.036authors found that microcalcifications were more common in
high-grade than in nonhigh-grade lesions (43.2% vs. 3.1%).21
DCIS lesions can be located in any area inside the breast
and grow along the ductal system. If the tumor breaks through
the duct, then it could grow in all directions and thus was
named “invasive” ductal carcinoma. Pathological change in
the ductal system such as proliferation of luminal epithelial
cells or myoepithelial cells will result in enlargement of the
duct or wall thickening. Different cutting sections of slices
will present different shapes. According to the distribution of
the ductal system, if the tumor arises at the periphery, it will
present as the cumulus type. If the tumor spreads along the
duct, it will present as the coral type, and if it excretes or
expands into the preexisting scaffold main duct, it will turn out
to be the pipe type.
Knowledge of the patterns of DCIS in sonogram can pro-
vide sonographers an excellent opportunity to catch early le-
sions and alert clinicians to prompt biopsy with sonographic
guidance, which is more cost effective and tolerable. Ultra-
sound has now been applied to routine screening for symp-
tomatic women and recalled asymptomatic women with
positive mammographic findings or any lesion before biopsy
in our hospital. Owing to the extensive use of ultrasound, some
subtle lesions that went undetected on mammography can be
well-demonstrated using ultrasound, such as retroareolar,
intraductal, and intracystic lesions and noncalcified mass le-
sions, particularly in dense breast. Once a dilated lactiferous
duct is noted on ultrasound, one should “trace backward” and
an upstream hypoechoic solid mass lesion may be detected. In
addition, the following findings accompanied by an asym-
metrically dilated duct should raise concern for possible ma-
lignancy: nonretroareolar location, interval change, or
suspicious microcalcifications. It is difficult to accurately
measure the tumor size of DCIS, especially in the coral and
pipe types, where evaluating the extent of ductal dilatation and
extension is more important and may present interoperator
variations. Some have stated that there was no reliable method
for routinely measuring the size of DCIS and that the size and
extent of a DCIS lesion were often an estimate.31,32 We only
recorded if a lesion was more or less than 1 cm under so-
nography, which interferes with the reliability of the patho-
logical result of core-needle biopsy under ultrasound
guidance.
The primary limitation of this study was as a retrospective
review, and that our study cases were mainly recalled
screening patients with positive mammographic findings.
Therefore, we were unable to review a complete picture of
sonographic features of mammographically occult DCIS.
Second, the number of sonographic features other than coral,
cumulus, or pipe types was small, although one of the reasons
was that circumscribed ovoid solid or cystic lesions were
usually regarded as benign in nature and evaded biopsy or
were allotted to follow-up. Lastly, there was no correlation
with mammography, which was currently recognized as the
standard imaging in detecting DCIS lesions. Many of our
DCIS lesions were incidental findings during sonography ex-
aminations for other suspicious mammographic findings, and
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mammographic manifestation of each ultrasound-positive
lesion could not be ascertained by the location-to-location
correlation method. A biopsy-site marker clip and post-
biopsy mammography would be necessary to precisely
compare the mammographic and sonographic manifestations
of one lesion, but the marker clip is a self-pay device in
Taiwan and has thus not been routinely used in daily practice.
In conclusion, with advances in technology, ultrasound has
become an important adjunct in breast cancer diagnosis.
Among the variable descriptions of sonographic features of
DCIS, we proposed three easily recognizable patterns with the
coral type being the most common one, followed by the
cumulus and pipe types. Improving the breast examination
technique with the radial and antiradial axes to demonstrate
subtle projection courses toward the nipple is necessary to
make the sonographic pattern capable of being well-
demonstrated and hence aid in clinical interpretation.
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